(19) 



<> <^MJ JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 2002012939 A 

(43) Date of publication of application: 1 5.01 .02 



(51) Int. CI 



C22C 38/00 
B21B 3/00 
C21D 8/02 
C22C 38/12 
C22C 38/58 



(21) Application number: 2001125375 

(22) Date of filing: 24.04.01 

(30) Priority: 27.04.00 JP 2000128115 



(71) Applicant: 

(72) Inventor: 



NIPPON STEEL CORP 

WATABE YOSHIYUKI 
TERADAYOSHIO 
YOSHIDA YUZURU 
TSURUTA TOSHIYA 



(54) HIGH TENSILE STEEL EXCELLENT IN HOT 
STRENGTH AND ITS PRODUCTION METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a high tensile 
steel excellent in hot strength and good in weldability 
and toughness, and to provide its production method. 

SOLUTION: The high tensile steel is composed of, by 
mass, 0.05-0.15% C, below 0.6% Si, 0.8-1.6% Mn, below 
0.02% P, below 0.01% S, 0.7-1.2% Mo, below 0.06% Al, 
below 0.006% N, a weld-crack sensitive composition PCM 
of below 0.2% and the balance Fe with inevitable 



impurities. In this steel, a micro structure with an 
area ratio of 80% or more is after than polygonal or 
pseudopolygonal ferrite, and the average circular 
equivalent diameter of old-type yparticle is 150 or 
below. This steel contains Cu, Cr, Nb, V, B, Ti, Mg, Ca 
and REM, according to necessary. Arranging an 
accumulation of pressure drop at 1000°C or below, to 
30% or above, cooling is carried out from 700°C or above 
after rolling, and hardening and tempering is carried 
out according to required characteristics. 
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(54) [siw©*^] &m&Biizmnftft&iim&£zf*:e>9mij& 



(57) [Sift] (IKE*) 

«*%T\ c:o. 05-0. 15%, 
S i : 0 . 6 %J£HT, M n : 0 . 8 - 1 . 6 %> P : 

0. 02 %JE)LT, s : 0 . 01 %ttT, M o : 0 . 7 - 

1 . 2 %, A 1 : 0 . 0 6 %£HT, N : 0 . 0 0 6 %JJH 
T, «ft«il48SttiaftPci**0. 2 5%WT 

Si^Cu, Ni, Cr, Nb, V, B, Ti, Mg, 
Ca, REMmt5„ 1 0 0 orJiJlT-ecomaET 
S£ 3 0%J£Ltfc L, ffl£«7 0 0 V&±.frbWt$rt 
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[»**H mrMW9M%*. c:o. 05-0. 

15%. S i : 0 . 6 %\XT. M n : 0 . 8 - 1 . 6 
%. P : 0. 0 2%WT\ s : 0. 0 1 %JBIT, Mo : 
0. 7-1. 2 %, A 1 : 0 . 06 %WT\ N : 0 . 0 
0 6 %&T, 

Pcu = C + S i/30+Mn/20+Cu/20+Ni 
/60 + Cr/20 +Mo/l 5 + V/ 1 0 + 5 B 

0 . 0 5-1. 0 %, N i : 0 . 05-1. 0 %. 

C u : mm<0 1 / 2 JEH±, C r : 0 . 0 5-1. 0 
%, Nb : 0. 005-0. 0 5%. v : 0. 01- 
0. 05%. BIO. 0002-0. 003 %, Ti: 
0. 005-0. 0 2 5 %, Mg I 0. 0002-0. 
0 0 5%0|gHT-iai^^2tt^±*^i-^C t £ 

[W*^3] H%t\ Ca : 0. 0 0 0 5-0. 0 
0 4%, REM: 0. 0005-0. 0 0 4%WV>ftl 
*>l«Jeil±*SibU-S*-r4i4: ! S:!HF«i:i-4W**l 

[»*«4] i - 3 v^-rtifr i «i-ie««o» 

*«-3>»<b4:4aiM-ifctt«IM-* 1000-1250 "C<7> 

iMLmmmKwmmik, 1 o o o*cjaT-eoai«sT** 

3 0 %JiJL_hi: LT7 5 0 ^JeLtOffllK-CSffifciRT L, 

<7?i^iST*6 o ot:JiiT<ottji:oja)tiT-*aii^i|]-r^i 

4:*«F»t-r*, **<0«*S5t^|fi|O«»IBf®^|fll 1 
/ 4 If f£e<0 5 ? nfti^ 8 0 %J^_Lri f tf 

') ;u £> 4 v> ^^717^ hJa^*"b* 

¥^Rffla«SA ? l 5 0^ maT-c***aaift^«ix 

[«*«5] m^i -3(ov»-r^iaicfB*c<oa 

9 5 0'CJSLT«>«aE-e**i5 r (b L-f *C t **HRti- 
* , **<0*»JEffi'^Fl6j<0«)P»flB*l*I 1 / 4 Epfirtt?> 

d*l 5 0/imJElT-e*4!BifiaiSU«*i.fc*SK*iI«>« 




(2) <&m 2 0 0 2 - 1 2 9 3 9 

2 

[ffl#«6] W*J11 -3OV»-f*t*»l^(Zffi«<0ii 
9 5 0tJ3lTOS*t-ffl!in&f£, &#A*vt 
fii<0 5 * Dftt^, ®»55-^T- 8 0 %£Lh4 r # U n--^- 

Li-* £ t t *«4 - 6 ©v»r*L*» i «u 

[tf*S8] ft*f*Jtffc«>lW-C, H«£Acij»lA 

C3*i<07i7-f htt-Xft'f h(7)-ffi*ff^{C 

ffi/Sit^iPU -eof^$i3(c^icjDCAci*8!<7) 
fift *e« # JP? L -f 4 - t Sr t -T * W #31 4 - 6 <0 v » 

[0 0 0 1] 

Lxa, mmfrmvz-bb-r, ±*, it 

», > ^ 4 f <OHftW*«»«jSffl«li: t 

[0 0 0 2] 

It) *r<b> 1 9 8 l#6HU«P:S*Lfc«f»J|«:W-*i» 

m.<n~m (Dual phase) <L i-ft*>*>» HK* 
^^BE1-*$*:Rffi («#, 7x70) i:?l5gS«§?r5i 

«»cWftlJRLr, 7i^ h tCiWMlSftfct-x? 
OtIIILM) t4»#S¥2 - 2 6 6 3 7 8 
C»* ? Sv^2 t-ffi«U»^fc*«St» t «: -5> J«» K'^<, 

50 fic^^taspsK****-??****, v»r*i<>»«ifcS:± 
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■r, M3i* f S»rHtt-e*o7to fife*, St^ffi^T-ii, 
4» CM t ft * - t it ft o tz t fe« b 

[0003] ttz. fti&sk&n&m&BmtLtzMmm 

&X'<D^*>*P2>m-Xmii. M¥2 - 7 7 5 2 3*&« 
v»*„ Lrt>U MoliI«i^Atitt^Pfi:il*!)4t 

* t m ± S * & § n T * o T * 4 0 # < ft AD $ tl h Z 
[0 0 0 4] 

M^JtiRfi^^ < i6DnLfc±-c«»«K«$ttaftPcii 
Rj£U 3<bU, IB*- XT-** Ha&*#5g«D-'MX 

[0 0 0 5] 

o JtRlfr# < - £ "CJBfflSlft t*5fe LT* 

4: L£±T\ Mo^iSSftlU ±*# 

*ttO*ft^Wtt^ft*«Ki-&fc*. C> Si, M 
n*<ii:^fci-^1B^^&7c5Bl:i3J:tl f Pcy*E5E 

4: tr 0 1* ^ 14 i m ± L » £ - t * £ c 
[0 0 0 6] -€-<Ofc**i»Ift»*i±i:*»a*ffi4:*l6 

[0007] ( i ) c : o . 05 

-0. 1 5%. S i : 0. 6%&T\ Mn : 0. 8- 

i . 6 %, p : o . 02 %^t\ s : o . o 1 %&T, 

M o : 0 . 7 - 1 . 2 %, A 1 I 0 . 0 6 %J^T\ N I 
0.0 0 6 %WT, **o, 

Pcm = C+ S i /3 0 +Mn/2 O + Cu/20 + Ni 
/60+Cr/2 0+Mo/l 5+V/l 0+5B 
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[0 0 0 8] (2) ±fSSiJ£#i::*[lx., Ii%T\ C 
u : 0 . 0 5-1. 0 %, N i : 0 . 0 5 - 1 . 0 %, 
rt>o, C u ftflP J:<7> 1/2 J-±L, C r : 0 . 05-1. 
10 0%, Nb:0. 005-0. 05%, v: 0. 0 1- 
0. 0 5%, B : 0 . 0002-0. 003 %, Ti: 
0. 005-0. 0 2 5%, Mg : 0. 0002-0. 

0 o 5%olEH-eitt4fcti2«ja±*-g , *rr4cfc* 
4#»f:-r4±.IE (1) *U|B|fto*a!SKC«*i7t*» 

[0 0 0 9] ( 3 ) K*%T% CalO. 0005- 
0. 004%, REM: 0. 0005-0. 004 %(0 

^■rtifr i wx±.* zbiz^m-fz z t i&WLt-tz>± 

IB (1) tfcit (2) *UIB«OJ(5ja»*U«itfc«SR 

[0 0 10] (4) ±15 (1) ~ (3) £0^1**1* 
l*cE*Oil*^f,4:4i!H-f fcJiUfr* 10 0 0 

- i 2 5 oroi&Jt&BCffjjD&f*, i o o owe 

(OmffiJ±TMZ 3 0 %J3Ub± LX 7 5 0 'CWicOSKt 5 

€>i&*ffiSJjii±«)*a-c6 o otjJSJiToffiftoajKi-e 

«JWBfffi*|fi| 1 / 4 ff^a CO 5 ^ n If^fT* 
8 0 %£H±**sH ') ^-tTHtlbh v>l±M*' =ff-^ 7i7-f 

ft-f h*ScO^P5ffi^l:S3& s l 5 OaiixiJSJLT-C*** 

[0 0 11] (5) ±15 (1 ) - (3) aov>f*i<> 

Ac3tl±9 5 OCfiiTOSS-CfiiibLtS; 

/ 4 JPfi«C0 5 ^ Dliit, ®St5J-5?-C 8 0 %J£)L±**.-J« 

40 sp^nffi^iSS* 1 15 0^ m£JLT-e*4*a3ftKU«K 

[0 0 12] (6) ±15 (1 ) - (3) a«v>fni» 

1 *Cffi*0«|*fl'^ ft 4«Jt 4 fc(i»M-* SHE! 
f^:, AcsJtt±9 5 CCJeHTOfflflECWttHBt^ fll#A 
tL-T^^iiSr^fKti-*, «I«o*»S®^|iijO«)»»f 

1 / 4 JlfigO 5 9 nfta^, ®«^T' 8 0 % 
&±7S*tf 'J n*^-;u*^v>(±M--K'; rft*7x5>f hJJ.^ 

heosF*t;n«aiea**i 5 0/imWTt?***ia3ftK 

50 C«*Lfc]l55R*j||Otia*tt. 
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[0013] (7) ikmm&fwit&m. <bzwtm 

«§ML-T-i.C:i:^#^i:^-^,±lB (4) - (6) JI<0 
[0014] ( 8 ) fi»ffcJt<ffc«> B ftT% iftAc 

m~mm&. ft#*£ji**ULL«9i£3-e6 o orm 

»OiftjR-e«*8?L-r*c:i:SrfiF«i:-r4±E (4) - 

( 6 ) mw-rtifr i vn-w>mMSMizgttLt:mm 

[0 0 15] *»WCJ:itlf % i&|*«JtfkOtt*fc L-T 
[0 0 16] 

[0 0 17] ■M&KoaOKMfeAS.fcU'a 

[0018] c(±, mtf<r>!$mzmi>mmi~$h< t><r> 

#SJSUiK*Mbi-£C:fc<o£v>«fc n lz-tz>tznb<r>m.'hW 

*14^t'lcS»»«rS{?-r^A, _b&Sr0. 15%tL 
[0 0 19] S i 14, KBLhtB^-f Sii47E*-e** 

±mzo. 6%izmMttzo mvffl&teT i , a i 

*>fc t'if i L < , dfci* L aSttrt" *'JK*li 4 

[0 0 2 0] Mntt. ttft, »tt*»«-r*±-C^^ 

nlW?4 t*Xtt*»J:#Lr»»1t, HAZ$?14 

-5><0-e_tl&fc 1 . 6%tUo 
[0021] Pli, *»MiH-iiv»rii5F«*-r*i9, 
P*©fi*ttHAZKfctt4*t#fc«**^$**«|6] 

«\ ««»OfflaaB1tS:^t$*4fc*±l!R«: 0. 0 2 

[0 0 2 2] S(4, P4:R*Mt|§WIP|{-*v»rtt/F#ft* 
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[0 0 2 3] Mali, 9!<0!Sa3fi«Srtt«-t4±r'dZ.f| 

c^ttti:, »»et*ft&-**7t*, l. 2%W 
i0 TCiSLto 

[0 0 2 4] Alii, -ftJ-KBLhSIU^'tiiix^ 
§£®t(4S i £fc(4T i rtftfC * 

is) o L-j4>U A 1S^#< t 4 

0. 0 6%tLfco 

[0 0 2 5] NI4. ^*T»W*#ll» i: LTSSfl-^ift 

stor-ib^^ t i N^MUtlrawi: •? t-fll<7>14 

20 imu2*t&o Zcotztb, Nit LTftf&O. 0 0 1% 

Rt4 0. 0 0 6%t**)4„ 

[0 0 2 6] -&{^ ^tcSUT-t-^i-^^t^-CiS 
Ni, Cu, Cr, Nb, V, Ti, B, M g <D : <&ttM 

[0 0 2 7] **k44*»i:, $ «btc^tic>c07c;m^ 

[0 0 2 8] Nil*, iBSHuaSiniLfcttfUf, 
HAZfJl4(cSI^S*SJJl-- t4< «W09tK. 1514 

<ho. 05 %]z±.<7>ffiM* s £-mx$>z, 0 -if, mm 

*s ±K*1. 0%iU o 4i3, Cu^?^SD-r^^ 
£\ fSBEMWC u - ^ 5 tKibt* grffi 
ilsiD^B ^i«J£i--5. t H^U, C u ffloM<D l/2fll± 
40 ttJ£Wic 

[0029] Culi, Nit mmffi.C0%)%:. 1%M*7F 

/hst-r^^-eo. o 5%r**^>o -tt(±f^-r-5.c r 

[0 0 3 0] Crli, W<0?iS, «J14^ t fc(C[6]±$ 
50 feo 
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[0 0 3 1 ] ±fe, C u > Ni, C r ti % 

«fc Hi»i:*v>Ttt, jfiF»tt*«*i4v>|6H-e*in-r 

[0 0 3 2] Nbli, Mo£Jt&ft#fij£tr*--&#f&W 

±t?£»S7c*t?, ^fio. o o 5 %o?Sin^nr-* 

*an:j:»)*ffl3ftKl*J-h^<>*4--r*o L*U illiUJft 
mutt, «F»«<0|»tt*ffc4:SI < fc*±R* 0 . 0 5% 

[0 0 3 3] V«i, Nb tJi{?|HI«l<0^fflSr^ri--5) i>ff> 

•So Nbi l»M*<7)$)*ii 0.01 %**T't±^** s ^^ 
O ±R<i0. 0 5%JT-Sf§f^. 
[0 0 3 4] Tili, SltiJitfflHSffWttUJtl-** 
** ? mLv^^{Zi±, iStp-T^C: LV> 0 ft-<fft 

<blfT i li, A lga^ft^i § (^x.1^0. 0 0 3% 
BIT) , Oti^LTT ia03*±ft^t-j-4«flil»S: 
«*, ttrt £S 7 * 7 * h &JftO« 4: ft ») i$«gBIStt * 
|6]±§-*-£»o fft> T i liNtJo^LTT i Nt LTX 

«anfco*n«!ftu*a(i-e* *> > * >tai*>t>K#tt-i-4aMii 
t i Nii, »»i^^»»j!hi»a5«ai«*«ieft-t-4fc* 

-C&£ 0 >m^O^**#-2.fti6U(i. TiliSfiO. 
0 0 5%MtW. L*>L#tl*l>i:TiC^M 

0.0 2 5%X$>2> a 

[0 0 3 5] Bti> *-Xft-f h*l#(Cfll*r U 7*. 

»«|n|±K<£5-i-4. * 
160. 0 0 0 2%Ja.±tfi:»55"C*4o Lri»U #i-?^,v^ 

sn«±«iAttipj±^*^tefti-*7t'tt-cft < , W14±** 

tft*B«fttlW«r®*-t-'6T>ni6ttib**fc*, JtR& 
0. 0 0 3%tUo ftiJ, J'^^ffli^t'tLt, Id 
Jjm-k.Wixti s Wi& £ *v£ y - x , <£ 

(f, «Effc»J*tfJJflE*«*i. (SCO H»jt*5fc*fcttHR 
C^2 2 (HVS2 4 8) **'J2>^ fc £ *L-& ) * fOJll 
^^-XT-(i^A14^*iA$^-^»B?i*p(i«FS L < ft 

[0 0 3 6] Mg{±, »»ft|$#»U4Jv»r*-Xr'^ 
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<oa«J'fb**0ix4o -<£>.fc-7ft3b*£5E$-f&*:*!>i:: 
<±, MgiiO. 0 0 0 2%JSl±dZ«-e**o — ^ v^tP 
Sj&*HU* t^*Pfitc*t-r-5«lSft7J s /hS < ft*Jt*, 

h±#m-c-(±ftv^-e±K<±o. 0 0 5%t L£ 0 

[0 0 3 7] £<btZ, C afcitf'REMti, MnSWf 

ffc**«#T-e*>7ic*iie«*i (hic, s s o so 
hic) ssi4^fiM$-*-5.o citf>o«i**ifea-r4 

mt&mm&TX'Vfcmm&mi (mo sso s 

OHIO !g§:tt£?!S#>&ft<6. Ssin*tf5_hlRli0. 0 
0 4%tC(R56l,7to CafcREMIi> llizm^ 

ft*. v>fii*' 1 «*±E«Hrt-e8stn-*-*Ltf J: 

[0038] RsgL-ct, 

cu<7Mt£0. 2 5%WTi;P&^i-*o Pcul±i§«14£J? 
20 v^Tfi, Pcii7> ? 0. 2 5%VlTT?i>tUi&tltzi&mi£.<7> 

m%tf-*smx»*>z> a ftib\ «»«tL«sttauapc«(ija 

[0 0 3 9] Pc« = C + Si/30+Mn/20 + Cu 
/20+Ni/60+Cr/20+Mo/1 5+V/l 
0 + 5 B 

[0 0 4 0] it ^na«ii, ^HioioCMo 
£0. 7%W-t?S)nLftJ»-§-, «SAittetf«i*v*fc#J:: 

v^^^^-f-T-'i' y ^ft&lftf>*±"($t ft&f«[p] 

*^#ftf Ba»SE»a«offi«:-c* •) , -e-«05t«ttdz. 

■C*ftJf , 5&g£ J: UWMIMie t ^ tft 

cO«/PBf®^[6]l/4fffiM(-j3V^T, IS»ft8 0 
%J-1±t5^ie--K'j =r?-*««v*(;Mfr]?'; • 
-i hi>m&fr&-e 2 o %*SJ-e*-& zt-c$> 

i -7 ftJt«W*v»M o ?35*D*(C <> 
^^*4v»l±«.i?U -7^7^ h^2 0%i-JL± 

*fttit * i-9 ft*«-*ii» ft*AiLl&W>jfc¥j|-c, * 
ti.m<7)a^l±W14±*^7FflJft±g|5^^^^ 

[0 0 4 1] «i«0«»EJS*rtIO«ffllf®*' 

^ negsr^nwsits-e 150// mJSLTURje-r 

50 *„ iitti, IB*-Xx-t-'f httg*«Sa«ti:<)(:Wtt 
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*-^f"^-f <®Jt9-r*C fc liSf?3j»o# 

T% ¥^Rffi^itST- 15 0^ m£LT-?**llf. 

4 9 <>fiMoSltfflfe4^«tt*:»«-CS4o IB 

K«JR LfcSJ •) * # ft £ 3i£KS£ 
tf\ 0Hx«4\ J IS Z 2202 4-S§j3t$Ut (2m 
mVAyf) &t*£fflv>, +iHftilT, 161***$ 
^Offiffi#e^lB^-Xx^^ htlfcK*fx#5* 

ttU dC0*§^r-t|Bl#H 150,, mJi).TT**^C t 

[0 0 4 2] -&tc, #»9JOid4i&!fc«r»*fcao« 

[0043] «ria<oa»)iR5eLfc«!fl-c, sftoti^ 

§<2>o 

[0 0 4 4] f-f, *H9§OW*3l4U<>^4Eg4 4 

1 0 0 0- 1 2 5 0"Ct-K3EL^afi{±> tin&BfO 
t-^rt^ HtSr/hS JEM&®of&fflft£ia 
Z>tz#>-?&Z>o 1 2 5 0"Clij!jP»iB#<7)^-^T-^^ 

gi^w-^ft^h mm±m.m 1 1 , xiei&om. 
«ta*ft-r*7t:*fPi<oi!ttjj*«L<*fl:-r*o 

ftlttilft^fti-r* t «i£-*-4Ea»TitK (Ars 

*m±) on^Bitt^^idr^o t?& < , Nb^n 

4:1 OOOCCffigLto N b £?£tm L-&^*§£- 

a, -e-ojSffftti**-*-*^****^^*, spft*-x 

[0 0 4 5] «TfeiaKIEH(cTODftL^M-i^(iiSM- 
£, ESfli 1 0 0 0 'CWTT-O^StETS^ 3 0 KJgl 
Jit LT7 5 CCJai-^JRWffiJSSrftT-f 
*o 1 0 0 or&TT-^&fltJETS^fc^*^, Mo 

* jt«w^ < mm-r * £ v » t *> eejs* - * 

BESftTaK**? 5 0t:£TI!*i:, SE]RjS»-»IB*6-f 




(6) #M 2 0 0 2 - 1 2 9 3 9 

iSK(4 7 5 0 ttt±i:igfl>o 
[0 0 4 6] Eg^li, 0 0 t^-t^SS 

■ejnawfcSp-f 4o EK*7IWj&-c. *l&^^^-r^lB 

of&coi$£PK4 *) -•}?'; =fi- fritz ') a'-f-)V ■ 
10 7<< Y1NtM&±.\z («ff*|flII»BBl/4»fic1H-iJit 
&®»5}-J£T-2 0%ttT) 3ESS#faL4v»±T{c-*-itwr 

-C*i}, SiitJgi:?8l4S:|SIB#K|6]±£-tf, i9*5ME. A 

i$±pw®ffltf*#£ Lv> 0 JDiS^iP^ihiaftii, 6 0 or 
goiSS t- (4 SESitfi 1 ottJHSK sna**P <o ?»* ** 
"H}-Kf#<b*t£^7t*!>, 6 0 0t£lTtU:. 6 0 013 

20 t*nirtt-e*4* f , it«nHSlS (#lxt4*4 0 0*CliLh) 

[0047] *p^iPB#<7)?%if i4, mmfr*i&m 
mz tttxftv^, su/4 jv ©fi<oijDji^*PM$&a 
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